INTRODUCTION
Worldwide, ovarian cancer is the sixth most common cancer and the seventh most common cause of cancer deaths in women. 1 At the time of presentation, approximately 70% of women have advanced disease.
2 Despite standard treatment of initial debulking surgery followed by chemotherapy, most patients relapse after achieving a complete clinical response. 2, 3 Disease that responds to first-line therapy but relapses Ն 6 months after completion of initial platinum-based therapy is considered platinum sensitive. Chemotherapy re-treatment is an important aspect in the overall management of patients with platinum-sensitive relapsed or recurrent ovarian cancer (ROC).
Platinum is a backbone of treatment, and carboplatin and paclitaxel (CP) have emerged as standard in the first-line setting and for rechallenge in patients with platinum-sensitive ROC. [4] [5] [6] [7] [8] [9] A pooled analysis of three phase III trials from the Arbeitsgemeinschaft Gynäkologische Onkologie Studiengruppe Ovarialkarzinom (AGO-OVAR) and International Collaborative Ovarian Neoplasm collaborators demonstrated significant improvements in progression-free survival (PFS; hazard ratio [HR] , 0.76; 95% CI, 0.66 to 0.89; P ϭ .0004) and overall survival (OS; HR, 0.82; 95% CI, 0.69 to 0.97; P ϭ .02) in patients with platinum-sensitive ROC treated with platinum-paclitaxel versus conventional, mainly single-agent, platinumbased therapies. 8 A similarly designed randomized phase II trial also demonstrated a significant improvement in time to tumor progression (HR, 0.54; 95% CI, 0.32 to 0.92; P ϭ .021) and OS (P ϭ .0021) with CP versus carboplatin alone. 10 Rechallenge with CP has been limited by the risk of cumulative peripheral neuropathy. In addition, grade 2 alopecia (complete hair loss), another ill-tolerated adverse effect for patients facing the distress of relapse, occurs in more than 80% of patients. In order to improve patient tolerance in this setting, other carboplatin-based combinations, such as gemcitabine and carboplatin, have been explored. This combination significantly improved PFS versus carboplatin alone in a phase III trial (HR, 0.72; 95% CI, 0.58 to 0.90; P ϭ .0031).
11 OS was not significantly improved (HR, 0.96; 95% CI, 0.75 to 1.23; P ϭ .735); however, the trial was not powered to detect a survival difference. Grade 3 to 4 hematologic toxicities were significantly more frequent in the combination arm. Thus, a need remains for other carboplatin combinations in platinum-sensitive ROC.
Pegylated liposomal doxorubicin (PLD) is an active drug in ROC as demonstrated in trials in the second-line setting. [12] [13] [14] [15] In a large randomized phase III trial in patients with late relapse, PLD demonstrated a statistically significant benefit over topotecan in PFS (P ϭ .037) and OS (P ϭ .017) in platinum-sensitive patients and significant OS in all patients (P ϭ .05). 12, 13 These data coupled with data showing PLD to be equivalent or superior to other active agents in this setting (eg, paclitaxel, gemcitabine) formed the rationale that PLD would be at least as effective as paclitaxel in patients with ovarian cancer in late relapse.
14-16 A phase II trial demonstrated the combination of PLD (30 mg/m 2 ) followed by carboplatin (area under the curve [AUC], 5 mg ϫ min/mL) every 4 weeks (CD) to be safe and effective, leading to high response rates (63%) and median PFS and OS of 9.4 and 32.0 months, respectively. 17 In support of these considerations, we undertook a phase III trial to compare the two-drug combination of CD every 4 weeks against the standard therapy CP every 3 weeks in patients with platinum-sensitive ovarian cancer in late relapse.
PATIENTS AND METHODS

Eligibility Criteria
Eligible patients were Ն 18 years old with a histologically confirmed diagnosis of cancer of the ovary, fallopian tube, or extraovarian papillary serous tumor, and had disease progression longer than 6 months after first-or second-line platinum-based chemotherapy regimen; previous taxane therapy was required. Patients with measurable disease according to Response Evaluation Criteria in Solid Tumors (RECIST) or CA-125 assessable disease according to Gynecologic Cancer InterGroup (GCIG) criteria or histologic proven diagnosis of relapse were eligible. 18, 19 Other key eligibility criteria included an Eastern Cooperative Oncology Group performance status of Յ 2; lifeexpectancy of at least 12 weeks; and adequate bone marrow, renal, and hepatic function. Patients with pre-existing neuropathy (National Cancer Institute Common Toxicity Criteria for Adverse Events [NCI-CTCAE] grade Ͼ 1) were excluded; key exclusion criteria are listed in the Appendix (online only).
Study Design
This GCIG phase III, centrally randomized, multinational, open-label comparative trial was designed to test the efficacy and safety of the combination of PLD (30 mg/m 2 intravenously on day 1) and carboplatin (AUC 5 based on the Calvert formula 20 using glomerular filtration rate calculated from serum creatinine values according to the method of Cockroft and Gault 21 and administered intravenously on day 1) at 4-week intervals compared with paclitaxel (175 mg/m 2 intravenously on day 1) and carboplatin (AUC 5 intravenously on day 1) at 3-week intervals. Random assignment was performed in permuted blocks of 6, and patients were stratified based on therapy-free interval from last chemotherapy (6 to 12 v Ͼ 12 months), measurable disease (yes v no), and center. In the absence of unacceptable toxicity or disease progression, patients were treated for a total of 6 courses of therapy. In the event stabilization of disease or partial response was achieved after 6 courses of therapy, patients were allowed to remain on therapy until progression. The study was performed in accordance with principles of good clinical practices, applicable laws and regulations, and the Declaration of Helsinki. Written informed consent was obtained from all patients entered onto the trial.
Treatment Plan and Dose Modification
All patients, regardless of assigned treatment, received antiemetics, including a serotonin antagonist and corticosteroid. Patients randomly assigned to CP received premedication to prevent hypersensitivity reactions. Guidelines were set forth for dose delay and dose reduction for hematologic and nonhematologic toxicity (as graded by NCI-CTCAE version 3.0 criteria) and for supportive care use (Appendix).
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Patient Assessment
Baseline evaluation consisted of a complete history and physical examination that included a gynecologic examination, laboratory studies inclusive of pretreatment CA-125, as well as diagnostic imaging (computed tomography, ultrasound, or site-specific radiography or magnetic resonance imaging) within 4 weeks of study entry. A baseline ECG for patients randomly assigned to CP arm and left ventricular ejection fraction measurement by echocardiogram or multigated angiography for patients receiving PLD was performed. For PLD-treated patients, a left ventricular ejection fraction measurement was performed before each course of therapy if cumulative anthracycline dose exceeded 450 mg/m 2 . Clinical, hematologic, and biochemical assessments, including evaluation for toxic events as assessed according to the NCI CTCAE criteria were required before each cycle; tumor assessments, including CA-125, and quality of life (QoL) evaluations (European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire C30 version 3.0 and OV-28 version 1.0) were required at 3-month intervals while on treatment. Regardless of number of courses received, the required follow-up after treatment discontinuation comprised clinical (including gynecologic) examination, CA-125 assessment, and adverse event evaluation performed every 3 months for 2 years and every 6 months thereafter for 5 years; and, QoL evaluation every 3 months for 1 year from date of enrollment. All patients were observed for 5 years.
The definition for disease progression was based according to RECIST and GCIG modifications and may have included any of the following: occurrence (clinically or imaging signs) of any new lesion; increase in measurable and/or nonmeasurable tumor defined by RECIST; CA-125 elevation defined by GCIG criteria; health status deterioration attributable to disease; and, death of any cause before progression is diagnosed. 18, 19 Evaluation assessments were independently reviewed.
Statistical Analysis
This study was designed as a two-arm parallel noninferiority trial to determine whether the combination of CD was noninferior to the standard regimen of CP. Statistical assumptions were based on results of the 802 patient International Collaborative Ovarian Neoplasm 4/AGO-OVAR 2-2 trial that demonstrated a 23% relative benefit for PFS and OS favoring CP. 8 In order to declare noninferiority of CD, a sample size of 898 evaluable patients with an expected 745 progressions was estimated for a noninferiority margin with a HR of 1.23 at 15 months or a 7.9% absolute difference at 12 months (90% power and a one-sided CI, 95%).
For the PFS end point, noninferiority was compared using the log-rank test and HRs together with the 95% CIs were calculated from a Cox proportional hazards regression model and was summarized by Kaplan-Meier curves.
2 tests and the Wilcoxon rank sum test were used, as appropriate, for toxicity comparisons. Median follow-up time was obtained using censoring distribution of the whole cohort. Toxicity analysis included all patients that received at least one cycle of allocated study drug. All patients were observed for at least 5 years from random assignment to assess OS.
RESULTS
Patient Characteristics
From April 2005 to September 2007, a total of 976 patients were randomly assigned, 467 to CD and 509 to CP (Fig 1) . A slight (but still consistent with chance) imbalance in treatment allocation was observed due to the method of random assignment, which resulted in 1,266 potentially different combinations distributed in the 211 treating centers. Treatment arms were well balanced for baseline, disease characteristics, and stratification factors (Table 1) .
Treatment Administration
The median number of cycles was 6 in both treatment groups (range, 1 to 14 CD; range, 1 to 12 CP). More patients in the CD arm (v the CP arm) completed at least 6 cycles of therapy (85% v 77%; P Ͻ .001); 8% and 7% of patients, respectively, completed 9 cycles. Few cycles in both arms were delayed longer than 7 days (7% CD v 5% CP). The ratio of delivered versus planned dose for each arm was 99% for carboplatin and PLD, respectively, and 99% for carboplatin and 98% for paclitaxel, respectively. Carboplatin dose was escalated in 2.7% and 3.6% of cycles in, respectively, 19 and 32 patients in the CD and CP arms. Cumulative number of carboplatin cycles administered in the CP and CD arms was 2,814 and 2,813, respectively. The median treatment duration was longer in the CD arm compared with the CP arm (21 v 16 weeks). Fewer patients discontinued treatment early for toxicity in the CD arm (6% v 15%; P Ͻ .001).
Efficacy
The first analysis of the primary PFS end point was in the intentto-treat population. After a median follow-up of 22 months and 832 PFS events, the median PFS for the CD arm was 11.3 months compared with 9.4 months for the CP arm (HR, 0.823; 95% CI, 0.72 to 0.94; P ϭ .005; Fig 2) , with the test for noninferiority of CD yielding P Ͻ .001.
In the CD arm, 301 patients (79%) had disease progression according to RECIST and 79 (21%) had progression according to CA-125 GCIG criteria; in the CP arm, 363 (80%) had progression according to RECIST and 89 (20%) had progression according to CA-125 GCIG criteria. A sensitivity analysis showed that the results are consistent with the overall results when HR was examined under different assumptions: using only the RECIST definition for progression; including all documented progressions and ignoring commencement of any nonprotocol therapy after random assignment; including only those patients who commenced their first cycle of protocol treatment (per-protocol analysis); and considering progressions as being interval censored (ie, progression occurring in the interval between successive follow-up visits).
Exploratory analyses examining the impact on PFS of age, number of previous lines of chemotherapy, therapy-free interval, surgery at relapse, measurability status of tumor, size of tumor (Ͻ or Ͼ 5 cm), number of tumor sites (1 or Ͼ 1), tumor grade, histologic classification of tumor cells, CA-125 level, Eastern Cooperative Oncology Group performance score, and treatment arm were performed using Cox proportional hazards regression. Treatment arm maintained significance in the multivariate Cox regression model (Table 2) . With only 334 deaths reported at the time of this analysis, survival data are immature.
Toxicity
Worst grade experienced for a particular toxicity for the two treatment groups is listed in Table 3 . Overall, more patients in the CP arm (36.8%) experienced a grade 3 to 4 nonhematologic toxicity compared with the CD arm (28.4%; P ϭ .001). Grade Ն 2 sensory neuropathy (4.9% v 26.9%) and allergic/hypersensitivity reaction (5.6% v 18.8%) occurred more with CP. These allergic/hypersensitivity reactions were mainly secondary to carboplatin administration and led to a significantly lower rate of one or both drugs' early discontinuation in the CD versus CP arm (1% v 6%; P Ͻ .001). Palmar-plantar erythrodysesthesia occurred more in the CD arm (12% v 2.2%); the majority were of grade 2 intensity. Complete hair loss occurred more frequently in the CP versus the CD arm (83.6% v 7%). Hematologic toxicities were generally similar between treatment groups. Grade 3 to 4 neutropenic events were more frequent in the CP arm (45.7% v 35.2%). Grade 3 to 4 thrombocytopenia was more frequent in the CD arm (15.9% v 6.2%). Febrile neutropenia, infection, and bleeding as well as supportive treatment use (eg, granulocyte colony-stimulating factor, erythropoietin, transfusion) did not differ significantly between the treatment arms.
There were two treatment-related fatalities in the CD arm: one cerebral hemorrhage and one acute myeloid leukemia. Two additional fatalities doubtfully related to treatment occurred in the CD arm: one subarachnoid hemorrhage (related to a ruptured aneurysm) and one pulmonary embolism. An additional patient in each group died as a result of protocol procedure: septicemia related to port infection (CD arm) and acute pulmonary edema due to computed tomography scan contrast hypersensitivity reaction (CP arm).
DISCUSSION
To our knowledge, CALYPSO (Caelyx in Platinum Sensitive Ovarian patients), which enrolled 976 patients, is the largest clinical trial to be conducted in relapsed/recurrent ovarian cancer. In this trial, PLD proved to be a highly active partnering agent for carboplatin in the setting of platinum-sensitive ROC. The combination of carboplatin and PLD was associated with a statistically significant improvement in PFS over CP (HR, 0.82; P ϭ .005). Equally important was the reduction in severe toxicities associated with CD, including carboplatin hypersensitivity reactions and peripheral neuropathy, both of which can be dose limiting. In addition, CD induced far less alopecia, one of the most troublesome adverse effects of chemotherapy for the majority of women.
23
In the CALYPSO trial, the noninferiority PFS primary end point was not only met, but the CD combination was found to be superior to CP. Testing for superiority once noninferiority is established is considered acceptable and appropriate. 24 We sought to avoid common PFS bias (eg, subjectivity) by independent review of progression as well as symmetry of tumor assessments. The latest GCIG consensus conference on ovarian cancer and a joint expert workshop of the US Food and Drug Administration, the American Society of Clinical Oncology, and the American Association of Cancer Research concluded that PFS is a valid end point for second-line treatment of platinum-sensitive ovarian cancer. 25, 26 Advantages of PFS as a primary end point are that it reflects tumor shrinkage and stabilization effects of the study treatment and that it avoids the confounding impact of subsequent treatment, which can be problematic with an OS primary end point. Indeed, findings from a randomized trial of PLD or topotecan versus canfosfamide in the third-line ROC setting suggest that OS may be influenced by treatment after the second-line setting. 27 Regulatory authorities have recognized these advantages of PFS as a primary end point as evidenced by the approval of carboplatin and gemcitabine for platinum-sensitive ROC.
11,28 The positive PFS findings of the CALYPSO trial warranted reporting results at this juncture rather than waiting for mature survival data.
Several hypotheses can explain the improved PFS observed with CD in the CALYPSO trial. Carboplatin appeared to enhance the activity of PLD, an agent demonstrated to be superior to topotecan and equivalent to gemcitabine or paclitaxel in a similar ROC population. [12] [13] [14] [15] The high activity of the CD regimen was demonstrated via superior OS with CD versus carboplatin (26 v 18 months; P ϭ .02) in a small randomized trial in patients with platinum-sensitive ROC. 29 Also, duration of treatment was longer in the CD arm compared with the CP arm (21 v 16 weeks). This was because the interval between cycles was longer (4 v 3 weeks) and because more patients were able to complete 6 or more cycles of treatment (85% v 78%; P Ͻ .001) due to lower toxicity. Duration of treatment, however, is not expected to significantly influence PFS as most trials, with the exception of one, have shown no additional benefit with maintenance chemotherapy. [29] [30] [31] [32] [33] [34] [35] As a consequence of the longer duration of treatment in the CD arm, the time from end of treatment to progression was almost similar in both arms (CD, 6.7 months; CP, 5.9 months). An ongoing analysis of the QoL questionnaires will determine how the differences between the two arms in terms of toxicity recovery (eg, hair regrowth, neurotoxicity) might have affected patient QoL during this period off treatment.
In this trial, the CD regimen was associated with less severe toxicity than CP. CD was associated with more grade 2 or greater mucositis (13.9% v 7%), nausea (35.2% v 24.2%), vomiting (22.5% v 15.6%), and palmar-plantar erythrodysesthesia (12% v 2.2%); these were generally short-term and manageable. In contrast, the CP arm was associated with several potentially long-term toxicities, including more complete hair loss (83.6% v 7% in CD arm) and grade 2 or higher neuropathy (26.9% v 4.9% in CD arm), which is consistent with that reported in the literature. 8, [36] [37] [38] In addition, a high rate of prolonged residual neuropathy during progression-free follow-up was observed in patients treated with CP, which is consistent with findings by others. 36, 39 Of note, the population included in this trial did not have any grade 2 or higher pre-existing neuropathy. Myelosuppression associated with the two regimens had infrequent clinical consequences despite a higher rate of grade 3 to 4 thrombocytopenia in the CD arm (15.9% v 6.2%) and a higher rate of neutropenia in the CP arm (45.7% v 35.2%).
In addition to neuropathy, the CP arm was associated with a high rate of carboplatin hypersensitivity reactions (HSRs) compared with CD (grade Ն 2: 18.8% v 5.6%; P Ͻ .001). Evidence from a randomized trial of CD versus carboplatin alone in platinum-sensitive ROC suggests that the addition of paclitaxel, which is known to induce HSRs, to carboplatin is not accountable for this effect. 29 The carboplatin alone arm was associated with a 23% incidence of grade Ն 2 HSRs; no HSRs occurred in the CD arm. While the mechanism is unclear, these combined data suggest that the addition of PLD to carboplatin reduces HSRs.
In conclusion, findings of the CALYPSO trial demonstrate a superior therapeutic index with CD compared with the current standard of care, CP, in the treatment of women with platinumsensitive ROC. In this largest randomized phase III trial in ROC, CD provides a more effective, less toxic alternative to the current standard for patients who relapse more than 6 months after platinumbased chemotherapy. ). Grade 4 neutropenia or thrombocytopenia, febrile neutropenia, or severe bleeding led to one-level dose reduction for both drugs. Prolonged neutropenia and thrombocytopenia led to dose delay until full recovery occurred (up to 14 days). Dose re-escalation was not allowed after a required dose reduction. If recovery was not sufficient despite adequate countermeasures and/or course delays after a dose reduction to level Ϫ1 of paclitaxel or PLD, the drug was deleted from remaining treatment courses and the patient was treated with carboplatin alone. Patients experiencing carboplatin hypersensitivity reaction were allowed to be rechallenged at the investigator's discretion according to protocol guidelines. In addition to the standard paclitaxel antiallergic premedication, clemastine 2 mg intravenous was to be administered 15 minutes before the start of carboplatin. Carboplatin infusion had to start together with clemastine at an infusion rate of 15 mL/h during the first 30 minutes. If no reaction occurred, the infusion rate of carboplatin was progressively increased for a total infusion duration not to exceed 90 minutes. Dose escalation in the absence of severe toxicity was allowed for both carboplatin (level ϩ1, from course 2) and PLD (level ϩ2, in patients tolerating carboplatin level ϩ1). Prophylactic and supportive treatment with granulocyte colony-stimulating factor was allowed according to recommendations. 22 Patients received erythropoietin, iron supplements, and/or transfusions if clinically indicated for the management of anemia.
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